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Magnetic tweezers are capable of implementing long time and very stable 
mechanical stretching experiments on macromolecules from single-molecule level. In 
this project, we are going to select Titin as the objective protein. Titin, the giant muscle 
protein, connects the two ends of sarcomere and plays an important role in the 
contraction and passive elasticity of muscles. It is a critical mechanics-related protein. 
The previous single molecular researches of Titin were mainly accomplished by AFM, 
which, however, can only research under the big force scale, >100 pN. There is a gap 
of the force region in 0-100 pN. But this blank area is pretty significant because it is 
actually the force region of psychology. In order to fill this gap, we utilize our ultra-
stable magnetic tweezers to finish the experiments from 0-100 pN and successfully 
obtained all the dynamic data. The first time we detected the equilibrium state of titin’s 
immunoglobulin domains, under which the folding and unfolding rate is equal. In 
addition, we found a very distinctive phenomenon that under some small force region, 
the unfolding rate of titin immunoglobulin domain is decreasing with force improving. 
This result is opposite to our intuitive expect and the results of previous AFM 
experiments under bigger force. Therefore, we built a theoretical model of protein’s 
unfolding kinetics based on the elastics of transition state and successfully explained 
this behavior. I believe that the technologies we have perfected and the protein 
unfolding theory considering the elasticity of transition state which we have developed 
in previous research will have significant effect on future research. 
For not only reach the goal of summarizing my research achievements during 
Master’s period, but also hold some significance of guiding those subsequent researcher, 
especially an initiate, I will spend some length of this thesis to introduce some basic 
theories and equipment, which may seems very simple but actually very critical for 
designing successful experiments. 
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) ?⃗⃗?                     （式 1.1） 
其中𝜇0为自由空间磁导率，𝜇𝑟为磁球的相对磁导率，r 为磁球的半径。磁球
的诱导磁矩与外磁场相互作用，产生势能U = 1 2⁄ ?⃗⃗⃗? ∙ ?⃗⃗?
 , 作用在磁球上的力𝐅 由
势能的梯度所决定，即： 
   𝐅 =
1
2


















































𝑘𝐵𝑇                        （式 1.4） 
其中式 1.3 来自单摆模型的回复力公式，F 为所受拉力，𝛿𝛼为链与竖直方向
的夹角，𝛿𝑦为横向扰动，L 为链的长度，k 为比例系数。式 1.4 来自能量均分定




2                          （式 1.5） 






















































z 轴位置信息，精度也可以达到 2nm 左右。 
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